(From the Laboratories of The Rockefeller Institute for Medical Research)
(Received for publication, June 21, 1934) A component of the chromosomes and therefore intimately associated with the rate and rhythm of cell reproduction, nucleic acid is an interesting substrate for extracts of tumor material. The disintegration of nucleic acid by such extracts has been reported by several investigators including Somekawa (1) , who observed that aqueous extracts of Chicken Tumor I caused a separation of purine derivatives from yeast nucleic acid, and Edlbacher and Kutscher (2) , who claimed that mammalian tumors split phosphoric acid from thymus nucleic acid whereas extracts from Chicken Tumor I had little if any effect of this kind.
A review on nucleic acids by Levene (3) led to the belief that these isolated observations, reported without tests for biological potency, might be correlated and extended, and to the opinion that an important structural characteristic of nucleic acid had been ignored; namely, that the arrangement of nitrogenous, sugar, and phosphoric acid groups is such that the ester bonds between component nucleotides must be broken to release more than one-quarter of its phosphoric acid and that they may be broken without release of inorganic phosphorus or of nitrogenous bases. This division of nucleic acid into its four nucleotides when the ester bonds are broken by enzyme action may be called polynucleotidase activity. I
The polynucleotidase and phosphatase activities of aqueous extracts of Chicken Tumor I are reported in this paper with evidence demonstrating a relationship between two systems, polynucleotidase activity and associated inhibiting material, and tumor-inducing agent and associated inhibiting material.
Methods
As defined in the foregoing, polynucleotidase activity is the division of nucleic acid into its four component nucleotides and therefore the measurement of this activity depends on the separation of nucleic acid from nucleotides. This separation was accomplished by precipitating nucleic acid at its iso-electric point, pH less than 2.0, with a solution of 1.25 gin. uranyl chloride in 10 per cent trichloracetic acid. This mixture yields a superuatant solution of nucleotides and less complex derivatives of nucleic acid which can be separated from the precipitate of intact nucleic acid by spinning the mixture in a centrifuge (9) .
As a source of such enzyme activity various products of Chicken Tumor I were tested. These products were Berkefeld filtrates of fresh tumor material, aqueous extracts of desiccated tumor material, and the supernatant fluid obtained by treating the aqueous extract with aluminum hydroxide Type C prepared as described by Willstiitter and Kraut (5) . The details of preparation of these products may be found in the papers of Murphy and his associates (6) . All extracts used in the following experiments were prepared by extracting 1 gin. dry tumor powder with 60 cc. distilled water, separating the insoluble matter by spinning in a centrifuge at 1200 R.P.~. for l0 minutes, and decanting the supernatant soluble substances. The aluminum superuatant fluids were prepared by shaking a volume of aqueous extract with the gel from an equal volume of aluminum hydroxide Type C, spinning the mixture in a centrifuge at 1200 R.P.M. for 5 minutes, and decanting the supernatant fluid. This supernatant fluid is referred to as Sa. The concentration of chicken tumor substance in solution was determined by drying 2 cc. of solution under reduced pressure in a desiccator containing concentrated sulfuric acid until the weight of dried material was constant.
The disintegration of yeast nucleic acid was observed in mixtures containing 1 volume, 1 to 5 cc., of chicken tumor product, 3 volumes of yeast nucleic acid in 0.15 M buffer solution, and 1 volume of an aqueous solution of phenol. This mixture is called the digestion mixture throughout the paper. The buffers used for pH's of 5.0 to 7.0 were the sodium hydroxide-sodium citrate mixtures prepared according to Clark (7) , and for pH's of 7.0 to 9.0 the sodium veronal-hydrochloric acid mixtures prepared according to Michaelis (8) . The final concentration of nucleic acid was 1 to 4 per cent and of phenol was no greater than 0.3 per cent. The digestion mixtures, unboiled and boiled, were incubated in tubes with rubber stoppers at 37.5°C. until aliquots taken at regular intervals indicated that maxi-mum disintegration of nucleic acid had been attained. Each aliquot was examined bacteriologically by smear and by subculture on agar because the final concentration of phenol was of low antiseptic power particularly for members of the aerobic, spore-bearing group of bacilli whose intensive disintegration of yeast nucleic acid is to be reported elsewhere with a more detailed description of the chemical methods (9) .
The products of disintegration of nucleic acid were separated from intact nucleic acid by the following procedure. 4 cc. samples of the digestion mixtures were pipetted into centrifuge tubes of 50 cc. capacity and to each sample was added 11 cc. distilled water and 10 cc. of the precipitating reagent. The mixture was shaken vigorously for a few seconds and stirred thoroughly twice during a 10 minute interval. The white flocculent precipitate was separated from the yellow supernatant fluid by spinning the mixture in a centrifuge at 900 R.P.~. for 3 minutes. Then the supernatant fluid was decanted into a 50 cc. volumetric flask, and the precipitate was broken up with 10 cc. of precipitating solution previously diluted to 2/5 concentration with distilled water. Separation of the precipitate and supernatant was repeated twice as described and the three supernatants pooled and made up to 50 cc. with dilute precipitating reagent. The precipitate was dissolved in 25 cc. of N sodium carbonate.
In this way two solutions were made available for analysis of nitrogen and of phosphorus. Total nitrogen was determined by the micro-Kjeldahl method of Van Slyke (10); inorganic phosphorus was determined by the color/metric method of Leiboff (11); and total phosphorus was determined by a modification of the method of Leiboff (9) . From these analyses of the two solutions the polynucleotidase and phosphatase activities were calculated by the use of appropriate factors.
The estimations of enzyme activity were based on the structural formula of nucleic acid reported by Levene (3) . Polynucleotidase activity was calculated, in terms of milligrams of nucleic acid disintegrated, by multiplying by 6.13 both the increase of total nitrogen soluble in the uranyl chloride supernatant fluid and the decrease of total nitrogen in the uranyl chloride precipitate, and by multiplying by 10.38 both the increase of total phosphorus in the uranyl chloride supernatant and the decrease of total phosphorus in the uranyl chloride precipitate. Similarly phosphatase activity was calculated, in terms of milligrams of nucleic acid disintegrated to release inorganic phosphorus, by multiplying by 10.38 the inorganic phosphorus soluble in the uranyl chloride supernatant fluid. The factor 6.13 is the ratio of the molecular weight of yeast nucleic acid to the weight of 15 atoms of nitrogen; i.e., 1287.5/210. The factor 10.38 is the ratio of the molecular weight of yeast nucleic acid to the weight of 4 atoms of phosphorus; i.e., 1287.5/124.1.
Except where stated each observation in the tables showing results is the difference of analysis of boiled digestion mixture from that of unboiled digestion mixture.
RESULTS
Fifty aqueous extracts from different Chicken Tumor I powders have been investigated for hydrolysis of yeast nucleic acid: forty-four caused a disintegration of nucleic acid as considerable as that of chicken liver, kidney, spleen, and much more considerable than that of muscle. The other six extracts caused little or no disintegration of nucleic acid for reasons possibly associated with their pathological character; i.e., the induction or inhibition of tumor growth.
Variations in the tumor-inducing power of different Chicken Tumor I powders have been noted by Murphy and Sturm (12) , who classify the pathological activity of such powders as active, neutral, inhibiting: an active powder yields an aqueous extract which will induce an easily measurable tumor in 10 to 14 days after the extract is injected intracutaneously into the breasts of barred Plymouth Rock hens; an inhibiting powder, usually from a slow growing tumor, yields an aqueous extract which, when mixed with an active extract, prevents completely the appearance of a tumor for at least 5 weeks after injection; and a neutral powder, usually one which has been kept more than a year, neither induces nor inhibits tumor growth. The aluminum supernatant fluid when obtained from an active extract is called active Sa, when obtained from a neutral extract is called neutral Sa, and when obtained from an inhibiting extract is called inhibitor Sa. The aluminum supernatant fluids are either active or neutral pathologically hut never inhibiting because the aluminum hydroxide gel adsorbs the inhibiting material to a greater degree than it does the tumor-inducing agent.
The foregoing definitions have been made to avoid confusion between enzyme and biological activities: in all cases the pathological term is given to the source of enzyme activity. Further aids to clear understanding of the tables are the summaries at the head of each table which give the final concentration of substrate, source of enzyme activity, and of antiseptic, and which give the pH, time of incubation at 37.5°C., and the results of subculture on agar slopes. Finally, under the heading "Nucleic acid disintegrated" the number (1) refers to nucleic acid calculated from the total nitrogen in the uranyl chloride supernatant fluid, the number (2) refers to nucleic acid calculated from the total phosphorus therein, the number (3) refers to nucleic acid calculated from the total nitrogen in the uranyl chloride precipitate, and the number (4) refers to the nucleic acid calculated from the total phosphorus therein.
Polynucleotidase Activity of Tumor-Inducing Extracts of Chicken
Tumor/.--The polynucleotidase activity of active extracts of Chicken Tumor I caused a maximum disintegration of 44 per cent of yeast nucleic acid in 1 week at 37.5°C. at pH of 6.5. The enzyme activity (as well as the tumor-inducing activity) was destroyed by heating the extracts at temperatures above 55°C. for 30 minutes. These statements are substantiated in Table I . Compared with those normal tissues of high polynucleotidase capacity Chicken Tumor I has an activity between that of kidney and that of spleen and much greater than that of muscle. In this experi-ment all extracts of normal tissues were prepared as described for extracts of Chicken Tumor I and the dry weight per cubic centimeter of extract determined. The polynucleotidase activities of these extracts are given in Table II. Consideration of Table II reveals that the unit activity per milligram dry weight was greater than that of any normal tissue investigated. phatase activities of extracts of Chicken Tumor I can be distinguished by the rate of hydrolysis, the effect of hydrogen ion concentration, and the effect of low oxygen tension. The rate of hydrolysis for each enzyme activity at pH 6.5 is given in Table III , which shows that the polynucleotidase starts faster and ends sooner than the phosphatase, and that no more than one-third of the disintegrated nucleic acid released inorganic phosphorus.
Differences between Polynucleotidase and Phosphatase Activities of Active Extracts of Chicken Tumor/.--The polynucleotidase and phos-
The optimum pH for polynucleotidase activity is about 7.5, whereas it is about 6.5 for phosphatase activity, as shown in Table IV. An environment of low oxygen tension was produced in a glass jar, containing the digestion mixtures in tubes without stoppers, after withdrawal of air, by restoring atmospheric pressure with hydrogen. In this environment the phosphatase activity was twice that in air whereas the polynucleotidase activity was the same as in air, as shown in Table V .
Phosphatase Activity of Tumor-Inducing Extracts of Chicken Tumor I. --The phosphatase activity of active extracts of Chicken Tumor I caused a maximum disintegration of 15 per cent of the nucleic acid in the digestion mixture at pH of 6.5 in 3weeks at 37.5°C. The inorganic phosphorus released from nucleic acid may have come from it directly or indirectly through nucleotides or through phosphoric acid ester of ribose as the immediate substrate. This alternative is preferred because there is a definite lag of the phosphatase behind the polynucleotidase activity. Therefore, the phosphatase activity is calculated in terms of percentage hydrolysis of disintegrated nucleic acid. So defined, the phosphatase activity of Chicken Tumor I is much less intense than that of any extract of normal tissue investigated and it has an optimum pH different from that of the polynucleotidase.
These statements are substantiated in Table VI . by aluminum hydroxide Type C in most cases increases the absolute intensity of polynucleotidase activity and always (twenty-five tests) increases the unit activity per milligram dry weight of Chicken Tumor I in solution. On the other hand, the absolute intensity of the phosphatase activity in all cases is decreased, and the unit activity increased though not to as great a degree as the polynucleotidase. The effect of adsorption with aluminum hydroxide Type C on the enzyme activities of the extracts is shown in Table VII . The frequent increase of (12) had disclosed the existence of material which inhibited the tumor agent, and for this reason the suggestive relationship between the two systems, polynucleotidase and associated inhibiting substance, and tumor agent and associated inhibiting substance, was tested more definitely.
Polynucleotidase Activities of Sa's of Graded Tumor-Inducing Power. --Because the polynucleotidase activity caused a maximum disintegra-tion of nucleic acid in 1 week and because the tumors reach a measurable size in 10 to 14 days it was possible to predict the relative size of tumors induced by Sa's of active, neutral, and inhibiting extracts. Within the error associated with the use of only two dimensions as accurate indices of the size of the tumors there was a rough proportionality between the polynucleotidase activity and the size of the tumors induced by these aluminum supernatant fluids. This propor- Polynucleotidase Activity of an Active Sa When Mixed with Extracts of Graded Tumor-Inhibiting Power.--Extracts of graded tumor-inhibiing power were prepared from active, neutral, and inhibiting powers in the usual way. Each extract was heated to 55°C. for 30 minutes to destroy any polynucleotidase and tumor-inducing activity, cooled to room temperature, and mixed with an equal volume of an active Sa. 6 cc. of this mixture was tested for polynudeotidase activity with 14 cc. of 2.5 per cent yeast nucleic acid in buffer at pH of 6.5, and 0.4 cc. was injected intracutaneously into the breasts of barred Plymouth Rock hens. Both experiments performed in this way demonstrated, as in Table IX , a rough proportionality between inhibition of the tumor agent and inhibition of the enzyme activity. 
No growth
1.8x 1.6 to 1.6x 1.6
DISCUSSION
The results reported in this paper confirm the observations of Edlbacher and Kutscher that extracts of Chicken Tumor I have very little phosphatase activity at pH's greater than 8.0 and are consistent with the report of Somekawa that these extracts cause a separation of purine substance from yeast nucleic acid more considerable than that of muscle. All these results may be correlated by a tentative explanation that under the influence of enzymes in Chicken Tumor I yeast nucleic acid undergoes a progressive disintegration through the stage of nucleotides to phosphoric acid ester of ribose and free nitrogenous bases.
The pathological significance of the polynucleotidase in Chicken Tumor I products cannot be stated definitely, though the rough proportionality between the enzyme system andthe pathological system, the occurrence of the optimum pH in the physiologically important zone of pH 7.0 to 7.8, and the similarity of the minimal lethal temperature lead to the opinion that the relationship is not haphazard.
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